Abstract. In order to improve the optimization efficiency, an optimization approach for Manufacturing Process based the Timed Petri Net (TPN) model and Genetic Algorithm is proposed in this paper. Firstly, the Manufacturing Process is modeled with Timed Petri Net (TPN). Then, an improved Genetic Algorithm (GA) is proposed to get the optimal process. In order to introduce the method in detail, a FMS scheduling problem is shown in this paper.
Introduction
Petri net is a graphical and mathematical modeling and analyzing tool for systems characterized as concurrent, distributed, asynchronous, parallel and/or stochastic [1] . The concept of Petri net was developed and introduced by Carl Adam Petri in 1962 [2] . From then on, the theory and application of Petri net has a great development and many high-level variants of Petri net are proposed, such as Timed Petri Net (TPN) [3, 4] , Stochastic Petri nets (SPN) [5, 6] , and Colored Petri Nets (CPN) [7, 8] . TPN is one of the most widely used Petri net in engineering projects, especially for discrete time programming problem (e.g., production scheduling problem). On the one hand, TPN is used to analyze the properties of objects, such as reachability, safety, aliveness and persistence [9] [10] [11] [12] [13] [14] . For another aspect, TPN is used as optimization model to obtain the best solution together with optimization algorithm, such as L1 algorithm [15] , Particle Swarm Optimization (PSO) [16] , Ant Colony Optimization (ACO) [17] , Simulated Annealing (SA) [18] and Genetic Algorithm (GA) [19] [20] [21] . For Flexible Manufacturing System (FMS) Scheduling Problem and Job-Shop Scheduling Problem (JSP), GA is a frequently used optimization algorithm.
Definitions and concepts related to TPN
The basic Petri net is Place/Transition-net (P/T-net) and usually is defined as a five tuple [20] : PN= (P, T, F, W, M 0 ), where P is a finite set of places; T is a finite set of transitions; F is a set of directed arcs; W defines the weight of each arc. For those arcs with no weight, W is equal to one. M 0 is the initial marking. In addition, P∩T=Ø and P∪T≠Ø [9] .In P/T-net modeling, using the concept of conditions and events, places represent conditions and transitions represent events [1] . Timed Petri Net (TPN) is the extension of the basic Petri nets by adding time parameter to places (P) (Timed Place Petri nets, TPPN), transitions (T) (Timed Transition Petri nets, TTPN) or directed arcs (F) (Timed Arcs Petri nets, TAPN). Generally, TPPN is the most widely used TPN to model the process of operation, such as the process of machining work pieces. In this paper, we use TPN to refer to TPPN if not specified particularly.
When modeling FMS scheduling process, every operation is modeled by a transition pair and a place, while the transition pair represents the beginning and ending of an operation, and the place represents the operation itself. Moreover, the operation stations of work pieces and the resource used in the operation, such as equipment and workers, are also represented by places. An example of TPN model of operation is shown as Figure 1 . Table 1 . Where, T0 and T1 represent the beginning and ending of operation, respectively; State places P0 and P3 represent the state of ready to be machined and the state of finish having been machined, respectively; the token of these two places represent the number of work pieces. Operation places P1 represents the process of operation and the time parameter is defined as the time cost in this operation process. Resource place P2 represents the equipment in use, such as machines and workers.
Optimization approach
Genetic algorithms (GA) are heuristic stochastic search methods based on biological evolution mechanisms. GA uses several genetic operators and strategies to find better solutions for a certain problem by selectively exploring new regions of the solution space with a set of individuals. Crossover and mutation are the most common genetic operators, which emulate the reproduction and spontaneous alteration of individuals in living species. An individual, also known as a chromosome, represents a solution to the problem and is usually coded by binary or integer [9, 22] . The set of individuals used by GA is called a population. Implicit parallelism and global searching ability are the main characteristics of GA. Therefore, GA is suitable for optimizing complex NP, such as FMS scheduling problem. In this paper, an improved genetic algorithm based on the Simplified TPN is proposed via improving the genetic operators and simplifying the reachability checking with the contract conditions of the mathematical model.
Based on the simplified TPN and the improved Genetic Algorithm, an optimization approach is proposed in this paper and the detail steps shown as following.
Step 1, Simplify the model with the approach introduced in section 1.2.
Step 2, Code each transition of the Simplified TPN with integer coding mechanism introduced in 2.1.
Step 3, Calculate the order contracts and mutual exclusion contracts of the simplified TPN with the steps of 1.3.1. Based on the contracts, the mathematical model can be obtained with the target function defined in 1.3.2.
Step 4, Initialize the generation of chromosomes randomly.
Step 5, Check the reachability of the initial population. As introduced in 2.2, the reachability checked chromosome has fewer transitions and represents a reachable schedule plan.
Step 6, Use the evaluation operator to generate the next generation chromosomes.
Step 7, Calculate the fitness of each chromosome.
Step 8, If the optimization approach satisfies the stop conditions, then stop, otherwise go to step 6.
Application
In order to evaluate the proposed optimization approach, we apply it on a classical schedule problem.
Problem description. A job shop schedule system includes five work pieces and six machines. The work pieces are marked with J 1 , J 2 , J 3 , J 4 , J 5, and the machines are marked with M 1 , M 2 , M 3 , M 4 , M 5 and M 6 . The six machines are divided into three types denoted as Ⅰ, Ⅱ, Ⅲ, as shown in Table 2 . Table 2 The types of machines
The jobs information, i.e., the machine types and work time of each steps, are shown in Table  3 . Table 3 The Jobs information of work pieces
When optimizing the best schedule plan, the following assumptions should be assumed. 1) Only one work piece can be machined by one machine at any time.
2) Each job cannot be stopped before being finished.
3) The next job can be started only after the previous job is finished. The target of this schedule problem is to find out the best schedule plan which needs the least time.
The simplified TPN of the schedule system. The TPN is the base to optimize the schedule problem, thus we build the TPN of the problem and simplify it with the approach described in 1.2. The simplified TPN is shown in Figure 2 .The places of the Simplified TPN represent the machining states of work pieces, e.g., P0, P1, P2, P3 and P4 represent the states of work pieces which are ready to be machined. M1, M2, M3, M4, M5 and M6 are resource places that represent the six machines. T0   T2   P5 T3   T4   T5   P10  P15   T6   T7   P6 T9  T11   T12   P11  P16  P1   T8   T10   T13   P20   T14  P7  T18   P12  P17  P2   T15   T16   T17   T19   T20 P8   T25   P13  P18  P3   T21   T23   T24   T26   T22   T27  P9  T31  P14  P19   T29   T30  T28   P4   M1   M2   M3   M4   M5 M6 Fig. 2 The Simplified TPN of the schedule system The transitions in the simplified TPN represent the operation processes of each job. The meaning and time parameters are shown in Table 4 . In Table 4 , J ikm represents the kth job of work piece i with machine M m (m=1, 2, 3, 4, 5, 6 ).
P0 T1
The coding of the simplified TPN. Analyzing the simplified TPN, there are total 32 transitions. Therefore, according to the coding mechanism introduced in 2.1, the initial chromosomes are composed of number 0 ~ 31, such as: Mutual exclusion contracts. The mutual exclusion contracts are not only one of the conditions of reachability of chromosome, but also can be used to reduce the number of genetics of chromosome. The mutual exclusion contracts of the simplified TPN can be obtained and shown in Table 5 . Order contracts.According to the definition of the order contracts and the method of obtaining the contracts, the order contracts of the simplified TPN are shown as Table 6 . The reachable chromosome only includes 16 transitions, e.g., Chro2*(the reachable chromosome of Chro2). Chro2* (7, 14, 2, 15, 20, 28, 10, 29, 22, 11, 3, 12, 25, 17, 31, 5) The results. According to the optimization approach proposed in 2.5, the results are obtained through implementing it in C++. The total time of the best schedule plan is 20 hours and the fired time (start time and end time) of the transitions are shown in Table 7 . The number of individual of each population is 100 and the total number of the populations is 2000. T6  0  3  T14  0  4  T0  0  4  T15  4  10  T20  4  9  T28  4  7  T9  4  8  T30  7  12  T22  9  13  T11  9  11  T3  11  16  T12  11  16  T25  13  20  T17  13  17  T31  16  20  T4  16  19 The Gantt graph of the best schedule plan is shown in Figure 3 . Fig. 3 The Gantt graph of optimization results
Summary
In order to evaluate the proposed optimization approach, we use the L1 algorithm [15] to optimize the same schedule problem shown in 3.1. The total time of the results of L1 algorithm is 25 hours and the fired time of the schedule plan is shown in Table 8 . Table 8 The optimization results of L1 Algorithm Transition Start time Finish time Transition Start time Finish time  T0  0  4  T6  0  3  T14  0  4  T27  0  3  T8  4  8  T15  4  10  T20  4  9  T30  4  9  T3  10  15  T17  10  14  T22  10  14  T4  15  18  T11  15  17  T12  18  23  T25  18  25  T31  18  22 By comparing the results of the two optimization approaches, we can see that the proposed approach can get better results.
What's more, in order to evaluate the efficiency of this approach, the comparison with traditional Genetic Algorithm [23] is also conducted and the results are shown in Table 11 . The number of chromosomes of initial population is 100 and max number of populations is 500. Since it is a stochastic process, it requires multiple replications. We run the experiments 10 times and take the mean of 10 individuals as the final results. In Table 11 , the cup time contains not only algorithm time, but also the time to display the best results of each population. However, for the same number of populations and the same platform, the display time of the two algorithms can be supposed as the same. From the results, we can conclude that the proposed algorithm not only can find better results, but also less time.
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